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(71) We, CABOT CORPORATION, 
a corporation organised and eidsting under 
die laws of the State of Delaware, United 
States of America, of 125 High Street, Boston, 

5 f M ts 0 S 

. s Ana s i (assignee i>f Robert Blanchard 
Herman Herd^roetfer), do hereby declare 
•he invention, for which ws pray that a patent 
may be granted to m y and the method by 

10 which i.t is to be performed, to be particularly 
described in and by the following stats- 
meat: — 

This invention relates to nickel base alloys, 
and man p rtku s y to a system of solid 

15 ■ ition type nickel base alloys of the 
M-Cr-Pe das?; which are unusually stable and 
versatile by virtue of a combination of oxida- 
tion resistance and resistance to development 
of cracks in the heat affected zones produced 

20 during welding. The alloys provided are, 
therefore, particularly suited for use in srruc- 
taral parts designed for exposure to high- 
temperature oxidizing atmospheres, such is 
those commonly encountered in gas turbine 

25 engines. 

U.S. Patent 3,304,176 to Wlodek shows 
that lie addMm of minor amounts of lanth- 
anum is generally more beneficial in solid 
solution type nickel base, alloys than in "pre- 



cipitation strengthened" types. However, said 30 
patent does not teach die close control on the 
amount of lanthanum which is necessary for 
optimum weldability nor mc essentiality of 
silicon and the optimum range of same to be 
used with lanthanum in this connection. 35 

By practice of the present invention there 
may be provided both weWability and high 
temperature oxidation resistance of solution 
strengthened nickel base alloys. The present 
invention may also result in a range of alloys 40 
which are stable and versatile but not unduly 



According to the present invention, there 
is provided a nickel base alloy having a com- 
bination of good weldability and high tem- 
perature oxidation resistance consisting, apart 
from impurities and minor amounts of in- 
cidental elements, in weight percent 15 — 29, 
and preferably IS — 25%, chronmim; 12 — 
35%, and preferably 15—33%, iron; 38— 
72%, and preferably 40—60% or 40—70%, 
nickel and cobak (taken together); between 
0.2 and 2.5%, and preferably between 0.3 
and 2% by weight silicon and lanthanum in 
small but effective amounts below 0.2%, and 
preferably between 002 and 0.12% by weight. 

The preceding paragraph outlines the essen- 
tial elements inherent in the alloys of this 
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invention with cobalt, although usually a $ub~ 
ordinate or connate partner of die nickel., 
being acceptable fof separate addition In 
amounts sit I&sst eqsnl to Of 

5 course, other elements, though optional, are 
commonly incorporated in minor amounts for 
specific purposes in addition to various ad- 
x , h.jtioaal 

percentages of carbon are commonly added 

10 especially for castings. Likewise, small amounts 
of molybdenum and tungsten generally 
i :■ I idea sine they can contribute ro sols uon 
strengthening or carbide dispersion strengtfcen- 
ing. Accordingly, rhe minor optional iogreot~ 

15 cms of interest in this invention are (with 
amounts expressed isi weight %): 0— 1%, 
and preferably 0.02 to 0.2%, carbon; 5%, 
and preferably 1—4%, each of tungsten and 
molybdenum; and 0 — 3%, and preferably 

20 0.5—2%, manganese. 

Although, various other common a5 ; h > 
ingredients such as zirconium, titanium, 
coi-mibium or hafalum cm be mler td ■ 
small amounts in the presem invention, ihev 

25 are nierefy incidental hereto and will generally 
be restated to connate or adrosritiows 
amounts e.g. 1 or 2% by weight of the alloy. 
Traces or fractional percentages of other 
elements such as boron, nitrogen or aluminum 

30 are sometimes added for extraneous reasons 
as is known in the metallurgical arts, but 
again, mese play no significant xofc in the 
present mvcntiorL For example, aluminum, 
magnesium or other deoxidants are some- 

35 times added during she preparation of a melt, 
but usually only traces or fraaionai percent- 
ages are retained as a residual part of me 
finished alloy. 
Any of the standard methods conventionally 

40 used in manufacturing superalloys am be used 
in preparing the alloys of this invention, e.g. 
air induction melting or vacuum melting. 
Other than the normal care required in analyz- 
ing constituents, intermediate combinations 

45 and finished melts to ensure attainment of 
the desired composition, the most critical step 
in the process is the addition of the lanthanum. 
In spite of the small amounts of laHtharnun 
required in the present invention, the desired 

50 benefits therefrom can be obtained even if 
it is added in crude mixtures with other rare 
earth metals. However, cerium in particular 
appears to cause welding defects and it i~, 
of course, the most prevalent constituent in 

55 misebmetai and other common rare earth 
ores. Accordingly, concentrated forms of 
lanthanum are preferably used in the present 
invention so tfiat the lanthanum concentration 
at least exceeds the total of all the other 

60 rare earths. One of the most convenient forms 
for use in the present invention is that of a 
prealloy or master alloy of a refined lanthanum 
source with nickel, cobalt and/or silicon, since 
nickel and cobalt are base materials and silicon 

§5 is reouired in amounts never less than the 



maximum lanthanum content permitted. In 
any esse, regardless of the form in which 
' normally con- 

a 1 c i eat to add same to the alloy 

igcs. o£ preparation thereof, 70 

In the experimentation involved in the 
nr» east invention weld bility was tested by " 
meastsriag the hoc cracking susceptibility in 
the heat-affected zone surrounding the actual 
fusion zone. The actual test method employed 75 
was one developed at the Welding Research 
Laboratory of Eensseteer Polytechnic Institute 
in Troy, New York, designed to use the 
augmented strain concept in measuring the 
hot cracking propensity of an alloy is sheet 89 
form. In the present work, the test sheets 
were 6 inches long by 1 inch wide and 1 /16 
inch thick. The specimen is held in a hori- 
zontal position in a jig. A gas shielded tung- 
sten electrode arc torch is then used to form 85 
a paddle weld of suitable size at the center 
of the specimen on the upper side. After 
allowing time for the establishment of approxi- 
mately steady state thermal conditions through 
the specimen around the puddle of molten 90 
metal, the desired augmented strain is intro- 
duced by loading the specimen at the center 
from below using a die Meek with a known 
symmetrical radius of curvature, mounted on 
a hydraulic ram. The movement of the ram 95 
is adjusted so that the mid-portion of the 
specimen sheet just conforms to the radius 
of rhe die block. The. amount of augmented 
strain introduced is a function of the thickness 
of the sheet and the radius of curvature of 100 
the die block. In the present work, the radius 
of curvature was 4 inches so that the aug- 
mented stta'm introduced was about 0.9%. 

A better understanding of the practice of 
this invention and the advantages* that stem 105 
therefrom will be provided by th folio a 
experimental comparisons of specific alloy 
formulations exemplary of tbe invention with 
others of similar character but which are 
lacking in the critical parameters such as 110 
silicon and/or lanthanum content. 

EXAMPLES 1 to 3. 
Example I. 

tJsing an air induction melting technique, 
several 2ft pound ingots woo* fit e of nickel ] 15 
base alloy consisting of 23.6% chromium, 
16.4% iron, 0.05% carbon, 3.4% tungsten, 
3.0% molybdenum, i 7% cobalt, ).S* 
ganese, 2.0% silicon and ai% ahsttamura, 
with the balance being nickel and adventitious 120 
impurities. Just prior to the casting of each of 
these ingots, small amounts of a relatively pure 
form of lanthanum were added so as to pro-, 
vide a series of ingots containing gradually in- 
creasing amounts of lanthanum ranging from 125 
about 0.02 to about 0.2%. 

The resulting ingots were hot forged by 
pressing to slabs about §" thick by %" wide. 
Subsequently, these slabs were hot tolled to 
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1/16" thick sheet, which was annealed and 
pickled to provide a clean surface finish. Four 
specimens were cat from each sheet asd sub- 
jected to the hot cracking wefdahility test des- 

5 cribed hereinbefore, The total length of the 
cracks in the heat-affected zone surrounding 
the stationary weld puddle was then measured 
for each specimen and the average results are 
plotted in she accompanying drawing hereof 

10 versus the lanthanum content of the various 
specimens. The resulting curve indicates that 
amounts, of lanthanum over 0.16% lead to 
rapid deterioration in weldabiMw and that the 
optimum range is below about 0.12% by 

15 weight Moreover, the oxidation resistance of 
these specimens containing from about 0.02 



to about 0.12% lanthanum was excellent when 
tested at both 2000° F. and 2100° F. by 
means of the same procedure described in the 
next Example. 

Example II. 
In another series of tests, a group of five 
; it alloys having the composifiGSJs shown 
in TABLE I below the balance in each case 
being Ni were prepared by air induction melt- 
ing in approximately 40-pound heats of each. 
In each case, one 20-pound ingot was cast 
directly and a second one after addition of a 
small amount of lanthanum to provide a 
lanthanum content within the preferred range, 
i.e. less than 0.12% by weight. 



TABLE I - NICKEL BASE ALLOYS 
(without lanthanum) 



Alloy 


Cr 


Fe 


Composition in weight per cent 
C W Mo Co 


Mn 


Si 


Al 


A 


25.2 


17.1 


0.04 


3.1 


2.9 


2.4 


1.5 


1.1 


0.04 


B 


23.1 


16.9 


0.05 


2.8 


2.9 


0.5 


1.5 


0.6 




C 


20.5 


19.5 


0.06 


3.0 


2.9 


3.5 


0.8 


1.6 




D 


20.9 


32.5 


0.10 


2.7 


2.8 


19.8 


1.1 


0.6 


0.11 


E 


20.2 


49.2 


0.22 


3.0 


3.9 


10. 1 


0.5 


0.4 





Portions of each of the resulting 10 ingots 
were saved for oxidation resistance tests in 

35 the as-cast condition while the remainder of 
each was forged at about 2150° F. to piste 
and subsequently hot rolled to sheet of not 
more than \" thickness. Hot workability was 
good in each instance with no apparent diff er- 

40 ence is workability between ingots made with 

\ b 31! ! < 

The data, reported in TABLE II represent 
the average depth of metal lost at the tem- 
peratures shown tKsiraing uniform penetration 

45 from the entire original surface when speci- 
mens of the above alloys were tested for oxida- 
tion resistance. Furthermore, each value re- 
ported in TABLE II is an average of values 
cakaiatsd from at least three specimens in 

50 each ease. 

The procedure for these oxidation resistance 
tests was as follows: 



Measured Weight Loss 



Density of Alloy 



(1) Prepare specimens about %" x %" in 
size and ha vine a thickness of between 0.03 
and 0.25". 55 

(2) Grind all surfaces to a 120 grit finish 
and degrease in acetone 

(3) Measure exact surface area and weight 
of each specimen. 

(4) Expose specimens to dry air flow of 60 
more than 2 cu.ft/hr. through the furnace 
while maintaining a constant temperature 
therein for four 25-hour periods with the 
specimens being air cooled to room tempera- 
ture after each 25-hour period. 65 

(5) Reweigfa each specimen. 

(6) Descale specimens in salt bath. 

(7) Carefully weigh the descaled speci- 
mens and calculate the weight loss of each. 

(8) Convert these weight loss figures to 70 
"average depth of metal lost" values in accord- 
ance with the following formula: 

1 



Surface Area of Specimen 
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TABLE II 
OXIDATION TEST RESULTS 



Average Depth of Metal Lost, k rails 



Alloy 


at 2000 °F. 
As Cast Wronghi 


at 2100 °F. 
(Wrought only) 


A 


0.67 


0.68 


- 


A -f 0.06% La 


0.25 


0.22 


0.27 


B 


0.6 17 


0.55 




B + 0.08% La 


0.22 


0.18 


0.23 


C 


0.47 


0.47 




C + 0.08% La 


0.18 


0.19 


0.22 


D 


1.11 


1.03 




D 4- 0.05% La 


0.26 


0.24 


1.00 


E 


completely 


destroyed 




E + 0.05% La 


completely destroyed 





The above resides show that the controlled near but slightly above said lower limit of 

additions of limtbanym in the range of he- 38% on nickel and. cobalt is sail greatly iro- 15 

tween about 0.05 c 8 i he rt proved by the lanthanum addition, as " 

5 of the region ia which weldabilky & optimized) particularly in the 2000° F. test of 
very ssgruficanth/ upgraded rise oxidation re- 
sistance of each of the above alloys except for 
alloy E. The complete failure of this alloy 

with or without the lanthanum addition shows and having the compositions shown in TABLE 

10 the disastrous results of allowing the content III were made and tested using the prepara- 

of nickel and cobalt combined to fall sigrufi- tion. techniques and the weldabihty and oxida- 

caarly below 38% by weight. In this connec- tion resistance measurement methods of Ex- 

tion, it might be noted that alloy D which is amples I and II. 25 



EXAMPLE IU. 
Two alloys relatively low in silicon content 20 



TABLE in 
LOW SILICON, NICKEL BASE ALLOYS 











Compo 


•ition in per cea 


t by weight 




Alloy: 


Cr 


Fe 


C 


W 


Mo Co 


Ma Si 


Al La 


F 


15.5 


34.2 


0.15 


0.8 


1.2 ~ 


0.3 0.05 


0.22 0.16 


G 


15.2 


34.0 


0.14 


0.8 


1.2 — 


0.3 0.31 


0.19 0.18 



Both of the above alloys, F and G, showed purposes of the present invention. However, 

about the same propensity for developing most sagnihcanT% ever t s • ively high 35 

cracks in the heat-affecsd zone during the level o 1 - iamhaaun) > , ■ ; • K. • 

30 augmented strain wddabflity test as described results obtained as describee 

in Example I and both were, borderline high reveal that the average depth of metal lost 

in this regard because their lanthanum contents value for alloy G was only one fourth as great 

are higher than the optimum range for the as that for alloy F even at 2100° F. This shows 40 



5 



the critical need for at least a moderate mil 

requirement of a minimum level of 0.2 
silicon in the alloys of this invention. Althou 
the silicon content can be as high as 2.5 
maximum, the range between 0.3 and 2.0 
is considered optimum and is preferred. T 
average depth of metal tost value for all 
G at 2100° F. was only 0.5 rails, which a! 
demonstrates that reasonable oxidation resi 



ance can be obtained by the present invention 
even at relatively Sow chromium contents of 
about 15%. Natu-a ^ s< i % n higher con- 
centrations of chromium are preferred for 
optimum oxidation resistance, e.g. 18— -25%. 

Tensile properties were also measured on 
alloys F and G at both room temperature and 
at 1600° F. These data i 
TABLE IV. 



TABLE IV 
TENSILE DATA 



Alloy 


Test 
Temp. (°F.) 


0.2% Offset 
Yield Strength 
(KM) 


Ultimate 
Tensile Strength 
(Ksl) 


Elongation 
(%) 


F 


70 


46.6 


95.8 


42.5 


F 


1600 


25.2 


36.2 


46 


G 


70 


40.9 


97.0 


47 


G 


1600 


24.9 


36.2 


44 



The above results indicate that even at the 
higher levels of lanthanum addition (around 
0.16 to 0.20%), the tensile properties are still 
excellent and that these are not affected signi- 
ficantly by the use of silicon in the amounts 
claimed herein. 

Although specific embodiments of the 
present invention have been described in con- 
nection with the above illustrative Examples 
in order to show die separate effects of changes 
in content of certain key ingredients of the 
present alleys, it should be understood that 
various other modifications can be made by 
those having ordinary skills in the metallurgical 
arts without departing from the spirit of the 
invention taught herein. Therefore, the scope 
of this invention should be measured solely 
by the appended claims. 

WHAT WE CLAIM IS: — 

1. A nickel base alloy having a cumm, an on 
of good weldabiiiry and high temperature 
oxidation resistance consisting, apart from im- 
purities and minor amounts of incidental 
elements, in weight per cent of: 



15 —29% 

Iron 12 —35% 

Nickel and Cobalt 38 —72% 

Silicon 0.2— 2.5% 

and Lanthanum in effective amounts < 0.2% 



50 2. An alloy as chimed in claim 1, in which 
the silicon content is from 0.3 to 2% by 
weight 

3. An alloy as claimed in claim 1 or 2, in 
which, the lanthanum content is from 0.02 to 
55 0.12% by weight 



4. An alloy as claimed in any one of the 
preceding claims, in which the chromium eon- 
tent is from 18 to 25% by weight. 

5. An alloy as claimed in any one of the 
preceding claims, in which the iron content 60 
is from 15 to 33% by weight. 

6. An alloy sjs claimed in any one of the 
preceding claims in which the nickel and cobalt 
content taken togetiKr is from 40 to 70% 

by weight 65 

7. An alloy as claimed in any one of the 
preceding claims, which also contains carbon 
up to 1 per cent by weight. 

8. An alloy as claimed in claim 7, in 
which the carbon content is from 0.02 to 70 
0.2% by weight 

9. An alloy as claimed in any one of the 
preceding claims, which also contains tungsten 
up to 5% by weight 

30. An alloy as claimed in claim 9, in which, 75 
the tungsten content is from 1% to 4% by 
weight. 

11. An alloy as claimed in any one of the 
preceding claims, which also contains molyb- 
denum up to 5% by weight 80 

12. An alloy as claimed in claim 11, in 
which, the molybdenum content is from 1 to 
4% by weight. 

13. An alloy as claimed in any one of the 
preceding claims, which also contains man- 85 
ganese up to 3% by weight 

14. An alloy as claimed in claim 13, in 
which, the manganese content is from 0.5 to 
2% by weight 

15. An oxidation resistant nickel base alloy 90 
having good weldability characteristics and 
consisting, apart from impurities and minor 
amounts of incidental elements, by weight of: 
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Iron 

Nickel and Cobalt (plus 
incidental impurities) 



IB —25% 
15 —33% 



Carbon 



40 —60% 
1 —5% 
1 -5% 

Silicon 03 — 2% 

and Lanthanum in effective amounts !<0.12% 

10 16. An alloy as claimed in claim 15 which 
al&s contains 0.5—2% manganese. 

17. An oxidaifon resistant sjickel base ailoy 
of excellent weMabilify comprising in weight 
per cent of: 

15 Chromium 15 — 29% 

2 —35% 
1 -5% 

Molybdenum 1 — ■ 5% 

Carta 0.02— 1.0% 

20 Silicon 0.2 — 2% 

and Lanthanum in effective amounts i< 0.12% 



and adventitious elements, provided that the 
total amount erf rare earth dements other than 25 
Ian fhannm is minimized and maintained be- 



Iron 



18. An alloy as claimed in claim 17, which 
also contains up to 3% manganese. 

19. A nickel base alloy as claimed in claim 
1 and substantially as hereinbefore described 
with reference to and as illustrated in the 
accompanying drawing. 

20. A nickel base alloy as claimed in claim 
1 and substantially as hereinbefore described 
with reference to and as illustrated in any 
one of the Examples. 



W. P. THOMPSON & CO., 
12, Church Streefj 
Liverpool, LI 3AB. 
Chartered Patent Agents. 
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